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Drug Dosing Guidelines in Patients With Renal Failure
SUZANNE K. SWAN, MD, and WILLIAM M. BENNETT, MD, Portland, Oregon

The metabolism and excretion of many drugs and their pharmacologically active metabolites depend on normal renal
function. Accumulation and toxicity can develop rapidly if dosages are not adjusted in patients with impaired renal
function. In addition, many drugs that are not dependent on the kidneys for elimination may exert untoward effects in the
uremic milieu of advanced renal disease. A familiarity with basic pharmacologic principles and a systematic approach are
necessary when adjusting drug dosages in patients with abnormal kidney function. The distinct steps involve calculating
the patient's glomerular filtration rate, choosing and administering a loading dose, determining a maintenance dose, and a
decision regarding monitoring of drug concentrations. If done properly, therapy in renal patients should achieve the
desired pharmacologic effects while avoiding drug toxicity. Physicians must not oversimplify the pharmacologic complex-
ities presented by patients with renal failure by relying excessively on nomograms and “cookbook” equations. In addition
to a reduced glomerular filtration rate, patients with renal disease often have alterations in pharmacokinetics such as
bioavailability, protein binding, hepatic biotransformation, and volume of distribution. An awareness of biologically active
or toxic metabolites of parent compounds that accumulate when the glomerular filtration rate is reduced is also necessary
to avoid toxicity. The effects of dialysis on drug elimination and the need for supplemental dosing are additional

considerations in patients undergoing renal replacement therapy.
(Swan SK, Bennett WM: Drug dosing guidelines in patients with renal failure. West J Med 1992 Jun; 156:633-638)

rug elimination by the kidneys correlates with the glo-

merular filtration rate. It is thus logical to use this mea-
surement for adjusting dosages in patients with renal failure.
Other pharmacokinetic variables, however, may be altered in
patients with renal insufficiency, including drug absorption,
volume of distribution, degree of protein binding, and bio-
transformation. Hence, dosage adjustments cannot be based
solely on decreased renal excretory rates.

Absorption rates of many therapeutic agents may be re-
duced by azotemia-associated vomiting or sluggish gut motil-
ity due to uremic neuropathy, the use of phosphate binders, or
both. Aluminum-containing binders may form insoluble
compounds with certain drugs such as tetracycline or ferrous
sulfate and block absorption. Bowel wall edema in a patient
with hypoalbuminemia may also diminish drug absorption.

The volume of distribution for a specific drug is derived
by dividing the total amount of drug in the body by its plasma
concentration. It does not refer to a specific anatomic com-
partment per se; instead, it is used mathematically to deter-
mine the dose of a drug necessary to achieve a desired plasma
concentration. The volume of distribution for a specific drug
may be altered in patients with uremia, specifically by altera-
tions in the extracellular fluid volume state. For example,

.volume contraction tends to decrease and edema and ascites
increase the volume of distribution for hydrophilic and highly
protein-bound agents. Conversely, digoxin, methotrexate,
and insulin have decreased distribution volumes in the ure-
mic state. As a general rule, plasma concentrations of a drug
correlate inversely with its volume of distribution.

Protein binding is often altered in the uremic state and can
affect the volume of distribution and the proportion of free or
biologically active drug available. Specifically, protein bind-
ing of acidic drugs (Table 1) is diminished in uremic patients

TABLE 1.—Acidic Compounds With Decreased
Protein Binding in Uremia

Barbiturates Phenytoin
Cephalosporins Salicylate
Clofibrate Sulfonamide
Diazoxide Valproate
Furosemide Warfarin
Penicillins

due to a displacement by organic acid accumulation and
structural alterations in albumin. For example, penicillins
and phenytoin, which are normally highly protein-bound,
are displaced from albumin by organic acids that accumulate
in patients with uremia, leading to increased levels of free or
“active” drug. Conversely, higher concentrations of un-
bound drug are available for enzymatic metabolism in the
liver, which may lead to increased drug clearance rates, par-
ticularly if drug metabolites are excreted by nonrenal routes.

Biotransformation may also be altered by renal insuffi-
ciency. Hepatic oxidative pathways for certain drugs (pheny-
toin, propranolol) may be accelerated, and other metabolic
functions such as acetylation, hydrolysis, and reduction may
be slowed. Active or toxic metabolites of parent compounds
may accumulate in patients with renal failure. The antiar-
rhythmic agent procainamide is metabolized to N-acetyl-pro-
cainamide, which is excreted by the kidneys. Thus, the
antiarrhythmic properties and toxicity of procainamide and
its active metabolite are additive, especially in patients with
renal failure. A commonly used narcotic, meperidine, is bio-
transformed to normeperidine, which undergoes renal excre-
tion. Although this metabolite has little narcotic effect, it
lowers the seizure threshold as it accumulates in uremic pa-
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tients. Similarly, active metabolites of benzodiazepines can
accumulate in patients with impaired renal function, result-
ing in prolonged sedation.

Thus, pharmacologic considerations in patients with re-
nal impairment demand an appreciation of altered pharmaco-
kinetic principles in this patient population. Detailed
pharmacokinetic information with extensive reference mate-
rial is beyond the scope of this discussion and can be found
elsewhere.

Dosimetry in Renal Failure

The following outline provides a stepwise approach to
assist physicians in prescribing drug therapy for patients with
renal failure. Again, it must be emphasized that these steps
simply provide a framework for dosage adjustments in pa-
tients with renal impairment and must be modified on a case-
by-case basis.

Initial Assessment

A history and physical examination constitute the first
step in assessing dosimetry in patients with renal impair-
ment. Specifically, renal dysfunction should be defined as
acute or chronic and the cause ascertained if possible. In
addition, a history of previous drug intolerance or toxicity
should be determined. The patient’s current medication list
(both prescription and nonprescription formulations) must
likewise be examined to identify possible adverse drug inter-
actions and nephrotoxins. The physical examination will pro-
vide height and body weight information that may be
necessary, for example, in an obese patient to calculate ideal
body weight. For men, the ideal body weight is 50 kg plus 2.3
kg for each 2.5 cm over 152 cm. For women, the formulation
is45.5kgplus2.3 kg per 2.5 cmover 152 cm. An assessment
of the extracellular fluid volume is also key because altera-
tions in this measurement can affect the distribution volumes
of many pharmacologic agents. The identification of ex-
trarenal disease—hepatic dysfunction—may lead to the need
for even greater dosage adjustments, depending on the phar-
macologic agents administered.

Calculate Creatinine Clearance

The rate of drug elimination by the kidneys is propor-
tional to the glomerular filtration rate. It is important to
remember that serum creatinine and blood urea nitrogen lev-
els are crude and often inaccurate measures of renal function.
Thus, creatinine clearance (C,,) is more accurately used to
approximate the glomerular filtration rate. Because body
mass and age affect serum creatinine concentrations and
clearance, C,, can be estimated by the Cockcroft and Gault
equation':

C.,= (140 —age)(body weight in kg)
72 X serum creatinine

In women, this result should be multiplied by 0.85. Remem-
ber that this equation represents only an approximation of the
glomerular filtration rate even if accurately done. Specifi-
cally, the serum creatinine level does not reflect the C,, in
patients with rapidly changing renal function. In acute renal
dysfunction, timed urine collections should be done and mid-
collection serum creatinine values used to calculate the C,,.
Both the calculated and endogenous forms of C,, overesti-
mate the inulin clearance, the conventional “‘gold standard”
in glomerular filtration determination.? Nevertheless, the C,,
is an approximation useful in clinical dosimetry.

Choose a Loading Dose

In many cases, a rapid achievement of therapeutic drug
concentrations is the pharmacologic goal. If several doses of
a drug are administered at uniform intervals, steady-state
drug concentrations are achieved after 3.3 drug-elimination
half-lives. Because the half-life may be greatly prolonged in
renal failure, effective therapy may be greatly delayed if
maintenance doses are adjusted to reflect the renal failure
elimination half-life. Thus, a standard loading dose, practi-
cally speaking, should be administered to patients with renal
failure to reach therapeutic drug levels rapidly. The loading
dose can be calculated by the following formula where Vd is
the volume of distribution (liters per kg), IBW is the ideal
body weight (kg), and Cp is the desired plasma concentration

(mg per liter):
Loading dose = Vd X IBW X Cp

As discussed previously, if extracellular volume depletion
exists, the volume of distribution may be reduced for certain
pharmacologic agents, and slight reductions in the loading
dose would be prudent. Specifically, drugs with narrow
therapeutic:toxic profiles such as digoxin and ototoxic
aminoglycosides should be administered with a 25% reduc-
tion in their loading dose when volume contraction is
present.

Choose a Maintenance Dose

Deriving a maintenance dose for a drug ensures steady-
state blood concentrations and diminishes the likelihood of
subtherapeutic regimens or toxicity. If the clinical need for
drug action is not urgent, maintenance doses can be used
from the initiation of therapy to gradually achieve steady-
state concentrations without the need for a loading dose.
Adjustments in maintenance doses for patients with renal
insufficiency can be accomplished by one of two methods or
a combination of the two. The “interval extension” method
involves lengthening the time period between individual
doses of a drug that corresponds to the degree of delayed drug
excretion and reflects the extent of renal impairment. This
method is particularly useful for drugs with a wide therapeu-
tic range and long half-life. It can, however, result in periods
of subtherapeutic drug levels between doses and should be
used judiciously. Another alternative, the “dosage reduc-
tion”” method, involves reducing the absolute amount of drug
administered at each dosing interval proportional to the pa-
tient’s degree of renal failure. The dosing interval remains
unchanged in this setting, and more constant drug concentra-
tions are generally achieved. It risks greater toxicity, how-
ever, because the difference between peak and trough levels
is minimized and trough levels tend to be higher. Thus, com-
bining these two approaches often becomes necessary to pro-
vide effective therapy for patients with renal dysfunction
while minimizing toxicity. Recommendations for mainte-
nance dosage adjustments have been published elsewhere,?
and a limited number of clinically relevant examples are tabu-
lated in Table 2. Again, these recommendations provide only
a general guideline for dosing adjustments and must be
adapted to a specific patient’s situation.

Monitoring Drug Levels

Varying the dose or dosing interval for a given therapeutic
agent may not be sufficient to guarantee therapeutic efficacy
and avoid toxicity in patients with renal failure. If a prescrib-
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DRUG DOSING GUIDELINES

ing physician knows the therapeutic drug concentration de-
sired and which levels are considered toxic, drug level
monitoring can greatly enhance individualized therapy, espe-
cially in patients with renal failure. Drug concentrations are
commonly determined from serum specimens, but occasion-
ally plasma or whole blood concentrations are required. In-
terpreting drug concentrations requires a knowledge of the
exact dose given, the route of drug administration, the
elapsed time from the last dose, and the drug’s elimination
half-life in a specific patient. Drug concentrations may be
used after an appropriate loading dose or three to four main-
tenance doses have been administered to assure that steady-
state concentrations have been achieved. Peak levels reflect
the highest drug concentration achieved after an initial rapid
distribution phase and are measured 30 to 60 minutes after
parenteral administration or one to two hours after oral inges-
tion. Peak values tend to correlate with drug efficacy. Trough
levels, on the other hand, should be measured immediately
before the next dose to indicate the lowest concentration of
drug in the body and thus systemic clearance. Drug trough
values tend to be used as indicators of toxicity.

The interpretation of drug levels must include clinical
evaluation because toxicity can occur with levels within the
“therapeutic” range. For example, digitalis intoxication can
occur in the presence of therapeutic serum levels if hypokale-
mia or metabolic alkalosis coexists. An increase in the un-
bound or biologically active fraction of a given drug may not
be reflected in drug level monitoring because most assays
measure total drug concentration (protein-bound plus un-
bound fractions). This point is illustrated by phenytoin,
which is highly protein-bound under normal circumstances.
In hypoalbuminemic patients such as those with the ne-
phrotic syndrome or in uremic states, the protein-bound frac-
tion of phenytoin is substantially reduced but the unbound or
biologically active fraction is increased. In addition, the in-
creased free form of phenytoin leads to increased hepatic
metabolism. Thus, it is prudent to measure free phenytoin
concentrations in uremic or hypoalbuminemic patients be-
cause “‘therapeutic” levels of total drug might mask toxic or
subtherapeutic levels of unbound drug.

Dialysis and Drug Dosing

Patients undergoing dialysis treatment require special at-
tention with regard to dose scheduling and the possible need
for supplemental dosing for agents substantially cleared by
dialysis. Factors affecting dialysis drug clearance are listed in
Table 3. The molecular weight, water solubility, and degree
of protein binding for any given drug represent the major
determinants of its dialyzability. The smaller (less than 500
daltons), the more hydrophilic, and the less protein-bound a
compound is, the greater the clearance by dialysis treat-
ments. Continuous hemofiltration methods are becoming in-
creasingly common in intensive care units, and an awareness
of drug removal by these procedures is essential. Solutes and
pharmacologic agents are removed by convective transport in
hemofiltration procedures. Thus, any compound distributed
in plasma water and not highly protein-bound will cross he-
mofiltration membranes, appearing in the ultrafiltrate. When
the filtrate generated by hemofiltration is adequate to correct
uremia and a drug is less than 60% protein-bound, sufficient

drug removal will be likely and supplemental dosing war-
ranted.

In summary, responses to drug therapy in patients with
renal failure are markedly heterogeneous and require
thoughtful consideration and ongoing evaluation by prescrib-
ing physicians. Although reductions in glomerular filtration
rates can be factored mathematically into dosage-adjustment
strategies, this merely represents the initial step and one of
many pharmacokinetic and metabolic principles to be con-
sidered. Dosing information such as that provided in Table 2

TABLE 3.—Factors Affecting Dialysis Drug Clearance

Drug properties
Molecular weight
Charge
Water solubility
Volume of distribution
Dialyzer membrane binding
Erythrocyte partitioning
Nonrenal excretory pathways

Membrane properties
Blood flow
Pore size
Vascular disease (peritoneal dialysis)
Surface area
Fluid films
Loculation/sclerosis (peritoneal dialysis)

Dialysate properties
Flow rate
Solute composition
Volume (peritoneal dialysis)
Temperature
pH

Miscellaneous
Convective transport during ultrafiltration

must be applied to individual patients in a prudent manner,
taking into account specific alterations in drug handling in-
duced by the degree of renal impairment and any other con-
current conditions.
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